Many previous models have explained how ocular dominance-and orientation selective columns could develop in the visual cortex. However, few models have investigated the topographic arrangement of interhemispheric connections between primary visual areas. A new model of the development of corpus callosum connections in cat visual cortex was recently introduced (Hely, 1999) . The model showed how the observed hour-glass pattern of callosal receptive field (RF) positions arises as a consequence of the retinotopic mapping onto the cortex. In the cat, callosal connections only form between cells with visual field RFs located close to the vertical meridian. In contrast in rat visual cortex, callosal connections also form between cells with RFs in the peripheral visual field. This cannot be accounted for using a Hebbian rule based on spatial information alone. The current generic model of primary visual cortex was extended by including opticflow/motion information. This extra input enabled cells with peripheral RFs fields in the medial cortex to make connections to the opposite hemisphere. The results from the model suggest that in some species motion information may affect the development of connections in primary visual cortex.
Introduction
Many previous models have explained how the topographic arrangement of ocular dominanceand/or orientation columns could develop, e.g. [1] [2] [3] [4] [5] . However, none of these models have looked at the role of the corpus callosum (CC) on the global connectivity patterns of the visual respectively. This provides a slight surround inhibition. Each cell makes 10 random projections to cells in the opposite network. In the simulations which include motion information, each cell also receives direct optic-flow activity.
cortex. This issue was addressed in a recent model of the influence of retinotopic activity on CC development [10] . This paper introduces an extension of this model which looks at the effect of motion on the formation of CC connections in rat visual cortex.
The CC connects the two hemispheres and is the largest tract of fibres in the brain. However its precise role in conveying information between the two halves of the brain is still unclear. Most experimental data on the CC comes In the current model the optic-flow information was simulated using concentric rings of activity. Cells with RFs in the centre of the visual field receive a low level of activity. However cells with peripheral RFs receive a higher degree of correlated input due to the more rapidly changing optic-flow field at these locations.
from the visual cortex. CC dissection abolishes synchronization of cell responses between hemispheres [11] , significantly reduces the representation of the ipsilateral visual field in the contralateral cortex [12] and affects between 50 to 100% of cell activity in some way [13] .
The highest number of CC connections are formed between cells representing the central visual field (the foveal region) and they are believed to have an important role in midlinefusion. In most animals, the foveal representation dominates the visual cortex, e.g. in the cat, the central 5 Ó of the visual field occupies 36-39% of primary visual cortex and the central 10 Ó occupies 57-59% [1] .
By taking into account this mapping and the organization of callosal connections, the current model is able to explain the vertical hourglass pattern of interhemispheric CC connections observed in cat visual cortex [4] . These connections form primarily between cells close to the V17/V18 boundary which have RFs located near the vertical meridian of the visual field. However different CC patterns are found in different species. In the rat visual cortex the CC also connects cells in different hemispheres with peripheral RFs [2] . It was found that these cells could not make interhemispheric connections using spatial information alone [10] .
It is known that lower areas of cortex can receive extensive reciprocal input from higher order cortical areas [14] . Inactivating cortical area MT in macaque monkey resulted in a 39% reduction in the responses of V1 cells to a moving bar [15] . The current model examines the hypothesis that motion and/or optic-flow information from reciprocal connections provides correlated-activity to stabilize connections between cells in rat medial cortex [10] . The results from the new simulations suggest that in some species motion may play an important role in the formation of CC connections in the visual cortex.
The model

Overview
The model consists of an input layer (the retina/LGN) representing the projection from a cell was either excitatory with probability 80% (representing a pyramidal or spiny stellate cell) or inhibitory (20% probability) [16] . Each cortical cell makes 50 intrahemispheric and 10 interhemispheric connections (inhibitory cells are as likely to make direct callosal projections as excitatory cells [17] ). In the simulations which included motion information, each cell also received simulated optic-flow activity. The pattern of this activity increased linearly with RF posn as shown in Figure 2 . 
Mapping the retinal input.
The following method was used to determine the RF position of a cortical cell. The mapping between visual degree and cortical area (Figure 3a) was converted (using area
to a mapping between visual degree and cortical distance, r, on a 0 1 scale. The function V=½¾ £ Ö ¿ , where V=visual eccentricity gives good fit to the data in [1] (see Figure 3b) . This allows the RF position of a cortical cell to be calculated based on its distance from the position of the central, foveal representation (see Figure 4 ). The position of zero-degree representation in the right cortex was set to (0.6,0.6). Horizontally the representation extends Ó into the ipsilateral field. The contralateral visual field has a maximum horizontal and vertical RF posn of ¾ Ó as shown in Figure 4 . A visual degree of up to Ó is represented at the top left corner. The size of the simulated RF increases linearly from a minimum of 1 degree at the fovea to a maximum of 8 degrees at the periphery. The cortical position and simulated RF posn of 100 cells is plotted in Figure 5 .
Type of input pattern
Previous visual models have used correlation matrices [5] , random dot input patterns [18] , and moving bars [9] as input patterns. Three gaussian spot stimuli were used in the current model, as in [7] . The spot patterns were presented to the cortex for 10 timesteps before they were updated. Figure 6 shows the response of cells in each network to various input stimuli. In simulations which included motion information, each cell also received activity from the optic-flow input dependent on its RF posn (seeFigure 2). Velocity input activity at a RF posn of ¦ ¼ Ó is equivalent to the activity of one spatial input connection.
Hebbian learning
At each timestep the cells sum the input from the Input layer, the optic-flow input, and from other cortical cells. Maximum activity due to the 10 input connections alone is 10. Figure 7 shows that the simulated extent of the visual field which is represented in both visual areas has an hour-glass shape. Experimentally, the RF representation of callosal connections between the visual cortical areas has a vertical hour-glass representation centred on the midline [13] . The model shows that this is a direct result of the non-linear mapping of the central visual field on the cortex. As the representation of central visual fields has little or no magnification in rat striate cortex [19] , it is predicted that the hour glass pattern of visual callosal cell RFs will not be seen in this case. Figure 8 shows the distribution of cells in the right cortex which send at least one connection with weight ¼ ½ to the left cortex. In the current model, the distribution of callosal connections is exclusively between cells with RFs lying within the central hour-glass region. These callosal connections directly link areas of the visual cortex which represent the same visual field position. This confirms why the CC plays an important role in fusing the midline representation of the visual field.
Results
Pattern formation due to spatial input
Pattern formation due to opticflow input
Using an input consisting of spatial information alone, no connections were formed between cells with peripheral RFs. Although the gaus- sian spot patterns produced correlated activity in local regions, it is unlikely that this result would be altered by using a different type of input pattern. Figure 9 shows a simulation in which opticflow input has also been used as a source of input activity. It can be seen that almost all cells are able to make and receive projections from the opposite network. This includes cells with peripheral RFs. The pattern of input connections received by these cells encompasses most of the visual field (see Figure 7) . The inclusion of a small amount of consistent optic-flow input (equivalent to only one retinal input projection) provides correlated activity to cells with peripheral RFs which would otherwise receive un-correlated spatial activity. This enables these cells to establish strong connections through Hebbian learning. This mechanism may underly the formation of callosal connnections in rat visual cortex.
Conclusion
Previously it has been shown that spatial input is sufficient to generate the ocular dominance columns and orientation selective columns found in cat primary visual cortex. Results from the current model indicate that in addition to the role of chemoattractants and retinal input activity, motion information may also play an important role in the development of CC connections in the visual cortex of certain species. Based on this result it is predicted that in these animals motion information may not only assist in the formation of inter-hemispheric callosal connections, but may also affect the development of intra-hemispheric connections.
